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CALCk!LATING TIR0.l FI WATION PROBBBIl ITIFS 
PURPOSE: To provide design guidance by pointing out the types of tidal eleva- 

tion probability estimates that can be performed using CERC Special Report SR-7, 

and to illustrate the use of the probability tables through several examples. 

INTRODUCTION: Calculation of tidal. elevation probabilities for the 55 United 

States tide stations listed in the Table. is performed using Tkfti and T-id& 

lkA.mh in ;fhc? Uni/ted StitU (SR-7) by Harris (1981). The probability tables 

in SR-7 have been prepared using a computer program which calculates statistical 

distributions of tidal height variations at each station. 

The tide probability tables in Appendix B of SR-7 provide a means of estimating 

such statistical information as: 

__ 1. 

2. 

3. 

4. 

5. 

In 

The extreme highest and extreme lowest tidal water level expected to occur 

in a 19-year period (Table a). 

The probability that the tide level will be higher than (or less than) a 

given level at some time during a calendar month (Table a). 

The probability that a daily high or low water level will exceed a given 

level (Table b). 

The probability that a daily higher high or lower low water level will exceed 

a given level (Table b). 

The probability that an hourly tide level will exceed a given level (Table b). 

items 2 through 5 the reverse may also be found, i.e., given a probability, the 

level of exceedence corresponding to that probability can be found. 

APPLICATIONS: Tidal probabilities can be used in cases where it is necessary to 

estimate the amount of time a given elevation will be exposed to wave action by 

virtue of the tide level. Examples include protective coatings on pier pilings, 

exposure of coastal structures to wave attack, and placement of beach fill. It 

is also possible to estimate the probability that vessels of a certain draft will 
- be delayed while waiting for a more favorable tide before navigating a harbor 

entrance. 



Ths ,icsi.gn water level for a strueturc-1 is usually based on El:~;ll.r~ High Wa tsr I It 

is imynrtant to realize that 50% *,f i-h:.> high water l.cvel_s will exceed this level. 

If chi:; poses a threat to the strri~:t;~ri:', a design Ievei w1~ic.h will. be exceeded 

Lead i.j?‘ten tnsy be found usiug the probability tables, 112 the same manner, 50% of 

tile Icw r\rater levels wi.l.7 :je b,el.a:*. Mean Low Water ~ Where sc;suring of a structu'ce 

is e:ikely to occur due to wa-ve action at low tide levels, the probability tables 

ma: be u!ied t-0 obtain a design level that will be exposed less .Dfte\! 

TABLE - TIDE STATIONS WiTH PROBABILITY STATISTICS 
-. e--m- 

RASTPORT, MAINE 
PORTLAND, MAX?47 
BOSTON, MASS. 
NRWPORT, R.I. 
RRW LONDON, COhrv. 
BRIDGEPORT, CONN. 
UILLRTS POINT, N.Y 
NEW YORK (The Bartcry?: Y t. 
ALBANY, N.Y. 
SANDY HOOK, N.J. 
ATL&fTIC CITY, N.5. 
BRKAKWATER HARBOR, DEL 
RRRDY POINT, DEL 
PRIUDELPHIA, P". 
BALTIMORE, MD. 
UASHINCTON, D.C. 
HAMPTON ROADS, VA 
UILnINGTON, N,C. 

CRARLESTON, S.C. 
SAVANNAH RIVER ENTRANCE CA 
SAVANNAH, CA. 
MAYPORT, FLA. 
MAHI HARBOR RN-TRANCE, %A 
KEY WEST, FLA. 
NAPLES, FLA. 
ST. PRTERSBURG, FLA. 
ST. HARKS RIVER ENTRANCE. FU 
PENSACOLA, FLA. 
MOBILE, ALA. 
GALVESTON (Ship Channel ‘1, TFX 
SAN JUAN, P.R. 
SAN DIEGO, CALIF. 
LOS ANCELES (Outer Horbori, CALIF. 
SAN FRANCISCO (Calden Gate-i, CAL:F 
HUMBOLDT, CALIF. 
CRJXCENT CITY. CALIF. 

--a__-^. 

’ SOUTH BFACH, ORKG. 
ASTORIA. OREC. 
ABERDEEN, WASH. 
PT. TOWNSEND, WASH. 
SRATTLE, WASH. 
FRIDAY HARBOR, WASH. 
KETCHIKAN. ALASKA 
JUNEAU, ALASKA 
SITKA,ALASKA 
CORDOVA, ALASKA 
SELDOVIA, ALASKA 
ANCHORAGE. ALASKA 
KODIAK, ALASKA 
DUTCH HARBOR, ALASKA 
SWEEPER COVE, ALASKA 
UASSACRE BAY, ALASKA 
NIJSRAGAK, ALASKA 
ST. HICHARL, ALASKA 
HONOLULU, HAWAII I 

.i 
‘The following examples illustrate the use of the tidal probability tables for r.t 

number of typical design applications. Other uses will bc evident to the coastal 

engineer familiar with probability distributions 

********************************** EXAMPLE 1 *******~***t*****************~****~*** 

REQUIRED,: The maximum and minimum predicted tidal levels expected to occur over 

a 19-year period at Newport; n.T 

SOLUTION: From the Index to Appendix B of SR-7 .Eor Newport 

Normalizing Factor (N.F.) is 1.810 feet (M) 5 This value .i~ 

rang<-. Note that in some cases N.,F. is hali? of the diurnal 

R.1, (page 115) the 

half of the mean tide 

rang*: (D) 

l%xh_m1 , From Table B-4a under the heading "Extreme MO, High Water" (or Table __---.- 
B-S?7 1 rnder "Higher High Water", “H igl: %ttfr” ; ot’ "Hol,nly Valrr.es"> fn c Cl-ass No 

IC.j i chrs Lower Limit (L.L,) iw l.8832 

The Maximum Tide Level = L.I,. x N F, - (1,8832)(1.8LO) A: 3,41 feei: (above Mean 

Sea Level) 

!vK-ivtiwYl : From Table B-4a under rk-? heading "Extreme Mo. Luw Water" for Class No. _“.. “,” 

1, the i,ower Limit is -1.6223. 

Therefore, the Minimum Tide Levei. = L.L, x N-F'. = (-1.6223)(1.810) = -2.94 feet 

(relative to MSL). 
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************************************* WLE 2 *****X**************************** 

PROBLEM: A.weir sand-bypassing system at Mayport, FL. will not bypass sand when 

the tide level falls lower than 3.4 feet below MSL (-1.13 feet HLW). 

Estimate: REQUIRED: 

(a) The probability that a low tide will be below -3.4 feet during the month. 

(b) The probability that a daily low water level will be below -3.4 feet. 

(c) The hours per year that the system will not bypass sand. 

SOLUTION: 

(a) .Frpm the station index on. page 115 of SR-7, the Normalizing Factor (N.F.) for 

Mayport is 2.232 feet (M). The required lower 

tables is found as 

Lower Limit = tidi r1 
. . 

horn Table B-22a under the column "Extreme Mo. 

between Class Nos..34 and 33 as shown below. 

The probability that a lpw tide level will 

be above -3.4 feet is found by linear 

interpolation using equation 28 from SRr7. 

P(h'hc) - P_ + (t IL--) (P+-P_) 

limit for use in the probability 

-3.4 feet 
p 2.232 feet = -1.5233. 

Low Water" the Lower Limit falls 

Using the values tabulated to the right, 

P(h>-3.4) - 0.6491 + -1.5233 - (-1.5283) 

( -1.5214 - (-1.5283) ) 
(0.6360 - 0.6491) = 0.6396. 

The probability that a low water will be below -3.4 feet at some time during the 

month is (1 - 0.6396)(1002) - 36.0%. 

(b) The probability that a daily low water level will be lower than'-3.4 feet is 

found from Table B-22b of SR-7 under the column "Low Water". Using the same 

Lower Limit (L.L. = -1.5233) as part (a), 

and interpolating as before (Table at right) 

gives 
P(h>-3.4) = 0.9703, 

which is the probability that a daily low 

water level is above -3.4 feet MSL. The 

probability that a daily low water level will 

~~ 

be below -3.4 feet is (1 - 0.9703)(100%) = 3.0%. 

(c) The average number of hours per year that the water level is lower than 3.4 

feet below MSL is found from the column "Hourly Values" (Table B-22b of SR-7). 

Using the same Lower Limit and. interpolating as before, 

P(h,-3.4) - 0.9973, and the hours per year that the 

system does not bypass sand is 
-_I 

(1 - 0.9973)(24 hrs/day)(365 days/yr) * 23.7 hrs/yr. 7 ' 

NOTE: Time estimates should only be calculated using "Hourly Values". 
**************************************************~******************************* 

- 

3 



(0.1000 ‘- 0.1096) i 

found by multiplying the value of h by the Normalizing c 
tndex (N-F, = 2,865 feet). 

+h90% 
= !,'I?64 12.1365' = 3,77 feet above MSL, 

iow &UWl LWZJZA: 

'dhen 90% of the monthly low tide, .ste above a given level, this level corresponds 

to a Cumulative Frequency of 0&90 From column Class Lower Cum.- 
"Extreme MO. Low Water", Tahlr~ .B--34a of SR-'7, No. Limit Freq. 

interpclstion gives 14 -1.7061 0.8991 

i 

(hc) 0.9000 
n 'I -1 j , ] 0 ? .,. 

. . . 13 -1.7170 0.9079 
dr?ei 'I:< -Ilevation below MSL i:; ^A-.-__- _I l_l_-__- 1 

-h - 
90X 

-? .7{)72 12.8651 -1 -4.83 fetlt (below MSL: 

.‘I-,e i:L>! ,i_ tid;al rdlig;:: ;/i,;;- i. inr*j.t .:k: ,!‘l:’ ,i- fj:,’ niorr.?::I: ;i ili.&! ~~R*.:iPi : *<j,ti J()‘Z i>ij 

the monthly low waters i;j 

Range = 3,?7 ft, .- (-4 89 ft.,! = 8.66 feet, 

The extreme predicted range ovec 3 19-year period at the Golden Sate, San Francisco, 

(estimated as per Example I> LL 

Extreme 'Tide Range = J,YcP2 ” i-5.14/) =: 9,ii feet, 
** ~~~~.,**.~~*~~~~_~.~.~.~~~**.~~~~~~_~~~~~~~~.~.~~~~~~~~.~_~_~.~~~.~~;~~~~.~~.~.~~~~~~~~_~*~~;_~*_~*~.~.~_,_.C_'__'.*~.~J;_~~;.~_~_~_~ n,.nn 

NOTE. For approximate estimates interpolation is generally not necessary, 
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EXAMPLE 4 ***********k**********k********** **********************k**************** 

- PROBLEM: Vessels of a certain draft are sometimes delayed 

Humboldt Bay, CA. while awaiting sufficient tide levels in 

through the channel. 

at the entrance to 

order to safely pass 

REQUIRED: A shoal in the channel has a depth of -30.5 feet MLLW (-34.0 feet MSL). 

A vessel drawing 26.0 feet requires a minimum depth of 5.5 feet under the keel 

(neglecting wave action) for a total required depth of 31.5 feet. This corresponds 

to a required tide level of -2.5 feet (relative to MSL) to provide the minimum re- 

quired depth. Estimate the probabili,ty from "Hourly Values" that 

be delayed at the entrance. 

SOLUTION: The Normalizing Factor for Humboldt Bay (from Appendix 

3.202 feet (D). The required Lower Limit is 

this vessel will 

B Index) is 

L.L. = -2.5 ft. 
3.202 ft. = -0.7808. 

From Table B-35b under the column "Hourly Values;'" 

the Cumulative Frequency is interpolated between 

Class Nos.._32 and 31 give 

P(h>-2.5) = 0.8746. 

: 

Class Lower Cum. 
No. 'Limit Freq. 

32 -0.7791 0.8741 
-0.7808 

31 -0.8123 0.8844 

Therefore, the probability that the tide level will be below -2.5 feet (MSL) is 

(1 - 0.8746) = 0.1254 or 12.5% of the time. 

NOTE : This type of information can be useful in determining design depth require- 

ments for navigation projects. 
~*s**r***rii.~r*x***~******~***~~~*~~***~**~*~*~********~****~~***~ _- - 
Note that when a ship must transit some distance into a harbor, 
and the ship is entering on an ebb tide, that the speed of the 
tidal progression into the harbor may be greater than the speed 
of the ship. The progression of the tide is governed by low 
amplit-dde wave theory and can be estimated by c 
the celerity, 

=m whese c is 
g is gravitational acceleration (32.2 ft/sec ), and 

d is the water depth in the estuary, bay, or sound (not in the 
dredged channel). If shallow areas exist in the channel inside 
the bar, then the percentage of time that vessels are delayed may 
be greater than the value calculated following the procedure in 
the above example. 
S*t*SXtt*tttt*ttttt~rtfXt Example 5 t**ttrttfXtt*Sttt~ttfrttXtftr 

PROBLEM: It is sometimes necessary to estimate tide elevation 
probabilities at locations other than those listed in the Table. 
The folJ_or;ing two examples illustrate how this can be done. 
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:, y 1 REQUIRED. Adjust the i idal range estimate at Example 3 for 
a locatioji near Qakland l.ii'port (Oalilalld, CA: 9 

SOLUTlOh: From Appe~:~l I b. !: of SR-'I Oakland Xirp1r.t is 
Station 533, which is referenced to the primary station --- 
San Francisco is l/2 of the Diurnal. Tide Range, the adjust,ed 
N.F, for Oakland Airport is half the Diurnal Range of 
Station 5.33 I For the Diurnal Range of 6-5 feet, the y.F'. 
beccbmes 

( \-, REQUIRED: Determine for. FIlrt George Inlet, FL, the 
probabilities requested in parts (a) and (c) GF Esamp1.c 2 
using Mayport as the primary refsrenee station- 

SOLe‘TlON~; Since Yaypori; N.F> is based on Mean TidaL Range, 
the N.F. for Fort Geo.rg:l is P~>\rnct from Station '2851 in 
4appendix C of SR-'7 ac; 

The required Lor;er Limit becomes, 
Lower Limit = -3.4 ft/2.4 ft = -1.4167. The remainder of 
the Example is worked exactly like parts (a) and (c) of 
Example 2 using the May-port Table B-22a, 

(ad The result is P(h>-3,Qj = 0,375ix Therefore, there iz 
a 62.5 % probability that the lox water level will be lorcer 
than 3.4 feet below MST, at Fort George-‘ Inlet during any 
month 


